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SYSTEM FOR REMOTE READING OF
INDICATING DEVICES SUCH AND METERS AND
THE LIKE

The present device is designed for a remote reading
of a great number of detecting and/or indicating de-
vices, for example gas meters detecting the passage of
a certain number of cubic meters of gas, thereby avoid-
ing the periodical inspection by an employee comtng in
front of each apparatus and while allowing detection of
an eventual trouble or a possible fraud. As an example,

the detecting apparatuses may be water, gas or electric

meters; they can also be measuring apparatus such as
voltmeters, flowmeters, amperemeters, manometers,
leak-finders, fault-to-ground detectors, etc . . .

In the particular case where power meters are con-
cerned, they may be provided — on one of the wheels
of the adding device — with a device setting on or off
a switch during one turn. A quantum of power, In such
a case, corresponds to one turn of the wheel. The de-
vice according to the invention provides for scanning
the on or off state of said switch at a frequency higher
than the maximal speed of rotation of the wheel to
make sure not to omit metering a quantum of power,
the device also provides for making a remote recopy of
the state of the switch. Also it is desired to reduce at a
maximum the number of the remote transmission wires
of the information supplied to the collecting and scan-
ning system. The present invention solves this problem
in a particularly appropriate manner.

There are already known devices performing such a
remote reading. For example, the French Pat. No.
1,601,602 belonging to the Compagnie des Com-
puteurs Schlumberger, describes a processus for the
remote reading of detecting components of various
variables which includes a cascade scanning performed
step by step along a main line. The present invention
uses a rectangular matrix where the combination of two
groups of lines allows the examination of several groups
of a predetermined number of meters whose mobile
contacts set a resistor on or off circuit.

According to the invention, apparatus for detecting,
transmitting and storing a total number of events that
have occurred in a set of indicating devices are distrib-
uted in a number M of assemblies of N groups compris-
ing at least one apparatus, whereby the total number of
groups of apparatuses which can be grouped and whose
informations are remote transmitted i1s at the utmost
equal to M N, the apparatuses of each group are re-
spectively associated, on one hand to at least one tm-
pedance per group, and, on the other hand, to contacts
having at least one on state and one off state in a num-
ber equal to the number of impedances, each group of
apparatuses being successively connected as input to
an analog to digital converter through a rectifying de-
vice and an electric current supply source, in such a
way that said current is transformed in a group of nu-
merical information elements representing the state of
the contacts of each group of apparatuses, outputs of
the analog-to digital converter being connected to a
computing device to process informations received

from the converter.

Various other characteristics of the invention are

shown in the following detailed description.

Embodiments of the invention are shown by way of
non-restricted examples in the accompanying draw-
ings, in which:
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FIGS. 1-4 show various examples of groups of de-
tecting apparatuses which can be assembled according
to the invention,

FIG. 5 diagrammatically shows a remote reading
device according to the invention;

FIG. 6 is a diagram explaining the operation of the
device of the invention; |

FIG. 7 shows a portion of FIG. 5 in a particular appli-
cation, |

FIG. 8 shows a variant of FIG. 5;

FIG. 9 shows the formation of a word of 8 bits or
octet; |

FIGS. 10a-10d are particular examples of octects
obtained in the realization according to FIG. 8;

FIG. 11 shows a portion of FIG. 8.

In FIG. 1 is diagragrammatically represented a group
1 of four detecting apparatuses, for example four me-
ters, each of them being indicated by a contact C,, Ci,
C.,, C, which are each of them associated with a resis-
tance R,, R,, R,, R;. The apparatuses are placed in
parallel on a two-wire line 2, 3 which is shunted by a
resistor R,. Though a number of more or less than four
apparatuses can be designed according to the inven-
tion, this number has been chosen as four In view of
simplifying the drawing. In the drawing of FIG. 1, the
resistors R,, R,, R,, R; have been represented placed in
series with the contacts C,, C,, C,, Cs.

In FIG. 2 are shown the same detecting apparatuses
as in FIG. 1, but in this figure the resistors Ry, Ry, R, R;
are placed in series on the line 2, 3, the contacts C,, C,,
C,, C, being placed in parallel on the resistances of
same index. |

Among the detecting apparatuses comprising each a
resistor and its associated contact, some can be differ-
ent from others. For example, if the detecting appara-
tuses are mainly meters, some of them can be signal
indicators whose on or off contact then does not indi-
cate the passage of a quantum but the presence of a
trouble such as for example the forcing of a connecting
box towards the detecting apparatus or an alarm signal.
The appearance of such a trouble will be detected by
the device of the invention as if it was coming from a
meter changing its state. It is then possible to locate the
trouble. |

In FIG. 3, is shown a variant of FIG. 1 wherein the
resistors R,, Ry, R., R;, R, are placed in parallel and
constitute resistors associated to only one detecting
apparatus of a group, said detecting apparatus compris-
ing a binary coder 4 in the shape of an arc of circle 1n
connection with a measuring unit 5, for example a
manometer whose needle 6 is extended by a shder 7.
Said slider 7 comprises four brushes C’y, C*y, C'5, C';
each of them being connected to resistors Ry, Ry, Ry,
R.. The common of the coder is connected to wire 3.

Upon the motion of the slider 7 driven by the needle

- 6, the brushes C’q, C'y, €'z, C'5 act as contacts C,, C;i,

60

65

C,, C; of FIG. 1. In fact, when the slider 7 moves on the
binary coder 4, the different resistors are ditferently
connected into the circuit in the very same manner as
the corresponding resistors of FIG. 1 were set into the
circuit by contacts C,, C;, Cs, C;. Then 1f the line 2, 3
is connected to a source of electric power, the current
passing through the line will depend on the displace-
ment of the slider 7, and thus on the position of the
needie 6 of the measuring device 3. It has been repre-
sented on the measuring device 5 the decimal values
associated to the motion of the shder 7 along the binary
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coder 4 and of which the device of the invention pro-
vides a remote reading.

In FIG. 4 is represented a variant of FIG. 2 wherein
the resistors R, R;, R, R; are placed in series and
constitute a variable resistor whose-slider 9 1s con-
nected to the wire 2 through some of said resistors R,
R,, R,, R; and to the wire 3 through the resistor R,.'In
said realization, the variable resistor can also show a
continuous variation of resistance from a minimum or
zero value up to the value of Ry + R, + R, + Rj. The
slider 9 acts in the same way as slider 7 of FIG. 3 and
it can be mechanically connected to any measuring
device. The current passing through the wires 2, 3,
when they are connected to a source of electric power,
1s thus function of a magnitude value indicated by the
measuring device and 1t 1s a reproduction thereof.

According to the invention, the resistors Ry, R, . . .
R,, if it is considered that there are n resistors in a
group 1 of detecting apparatuses have different values
and sald values are such that their combinations are
also different from each other and from composing or
resultant resistances. ror example, the resistors Ry, R,
.. . R, have value in the ratio 2°, 2!, 2% . .. 2" and the
contacts placed with said resistors, either in series or in
parallel, are such that they pass from an open or off
state to a closed or on state or inversely -each time that
a known guantum has passed into the related device.

In FIG. § are represented four assemblies W, X, Y, Z
of five groups of detecting apparatuses but it is obvious
that any number M of assemblies of a number N of
oroups of apparatuses can be used. Each group of appa-
ratuses is equivalent to the group 1 of FIGS. 1to 5 and
- they are respectively connected by an insulating diode
10 to a bifilar line equivalent to the line 2, 3 of the
preceeding figures and which connects them to two
switches 11, 12. Though said switches 11, 12 are pref-
erably electric or electronic switches as represented in
FIG. 8, said switches are shown in FIG. 6 as_step-by-
step mechanical switches. The switch 11 comprises
contact-studs a, b, ¢, d, from which start wires 2a, 2b,
2¢, 2d, respectively connected to the M- different as-
semblies W, X, Y, Z or groups of apparatuses. The
switch 12 comprises contact-studs a,, by, ¢y, d, €; from
which start wires 3a,, 3b,, 3¢, 3d,, 3e, respectively
connected to one of the N groups of each assembly W,
X, Y, Z .

Each group of apparatus equivalent to the group 1 of
FIGS. 1-4, has in FIG. 5 two index letters, one letter
corresponding to connection with the contact-studs a,
b, ¢, d, of the switch 11 and the other letter correspond-
ing to connection with the contact-studs a,, by, ¢, 4, &,
of the switch 12. For example, the group 1,,4 is con-
nected to the contact-stud d of the switch 11 and to the
contact-stud b, of the switch 12.

The switches 11 and 12 comprise respectively shders
13 and 14 driven through an electrically insulated end-
less chain 15 by a device 16. The whole of the driving
mechanism of the meters 13 and 14 is realized by
means of the device as represented or by means of any
suitable device to provide the slider 13 to sweep up all
the contact-studs a, b, ¢, d, In a time at the most equai
to the time taken by the shider 14 to sweep up only one
contact-stud. Besides, it 1s necessary that the total
sweeping time of the slider 14 be at the most equal to
a time T corresponding to the minimum interval of time
between two changes in the state of the contacts. This
is always realized for the contacts connected to inci-
dent-detecting apparatuses since they are usually re-
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maining in a predetermined state and they only change
when an incident occurs. The time T is adjusted by the
driving device 16 and in the following description the
time T has been considered equal to 10 minutes which
practically corresponds to the reading of meters. The
described device, or equivalent devices, ensures that in
the time T, all the groups of apparatuses 1;; (i =4, b, c,
d; j=a,,b,,ci,d;.€;) have been connected to the switches
11 and 12 in succession and one by one.

[t is to be noticed that the switches 11 and 12 can be
inverted if the numbers M and N are equal. Since the
switch 11 is faster than the switch 12, 1t becomes worn
out earlier than the latter, and inverting them equalizes
their life time. o

The sliders 13 and 14 are ¢lectrically connected as
inputs to an amplifier 17 through two wires 18, 19 and
the outputs of the amplifier are connected to an analog-
to-digital converter 20. On the wire 18, between the

slider 13 and the amplifier 17 have been placed a fault-

detector 21 and a source of electric power 22.
The source of electric power 22 1s a stabilized source
which is insulated from the mains and from industrial

and domestic interferences that can be carried by said
mains. The source is a constant voltage source in case
the resistors of the groups 1 of apparatuses are placed
in parallel. as shown in FIG. 1 and in that case, the
amperage of the current passed by the wires 18, 19,
must be transformed into a proportional voltage to be
suitably applied to the converter 20. In that case, the
amperage-to-voltage conversion is performed by the
amplifier 17 which, moreover eventually, adjusts the
voltage to take into consideration the characteristics
the converter 20 and treatment device 23 connected to
said converter. Alternatively, the source of electric
power 22 may be a constant current source in case the
resistors of the groups 1 of apparatuses are placed 1in
series as represented in FIG. 2; in that case, the device
works in a variable voltage way and the amplifier 17 1s
only used to adapt said voltage to the characteristics of
the treatment device 23. ,

The fault-detector 21 is a two-threshold device which
sends a logic signal whenever. there an abnormal cur-
rent for example a current with a value lower than a
certain value or higher than a predetermined value
corresponding to the maximum amperage which can
pass in the absence of incidént.

Thus, 1if the line 1s cut-off somewhere between a
group 1 of detecting apparatuses and the amplifier 17,
no current passes into the wires 18, 19 when said group
is connected to the source 22 through the shders 13,
and 14. Since this zero current is less than the low
threshold value, the fault-detector 21 sends through a
shaping circuit 24 an incident bit to one input of a OR
gate 25 whose output is connected to one tnput of the
treatment device 23 which then consequently receives
the incident bit and records the: same instead of the
information corresponding to the group of apparatuses
which would be obtained if the connection was correct.

If, on the contrary, the tine is short-circuited, a cur-
rent greater than the high threshold value of current
passes through the line 18, 19. The fault-detector 21
comprises a current limiting device which comes into
operation and sends, through a shaping circuit 26, an
incident bit to a second input of the OR gate 25. The
incident bit i1s thus sent to the treatment device which
records it in a way similar to the preceeding case.

Now assuming that the connection is correct and all
the contacts C,, C,, C,, C,; are 1n a certain state, a
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voltage is obtained at the input of the converter 20, said
voltage being function of the state of contacts and
which corresponds at the output of the converter 20 to
logic information with four bits depending on the state
of the four meters; for example they can be the re-copy

of said state. If all the contacts are open, a certain -

current nevertheless passes through the line 18, 19 due
to the fact that said line is then closed by the resistance
R,: it is the minimal current which must pass through
the line. | -
FIG. 6 shows the current amperage in the line 18, 19
for different state of the contacts C,, C,, C,, C; of FIG.

1. In A have been shown the 16 possible state of the
current for the combinations of the four resistances R,

R,, R,, R;. The current guard showing that the line 1s
not cut off even if the four contacts are open is repre-
sented in GC,; samely GC, represents the current guard
indicating that the line is short-circuited. '
As explained in the above disclosure, if the line is
faulty (short-circuit or cut-off), the recopy bits coming
from the considered group of detecting apparatuses
have a modified meaning and an incident bit 1s pro-
duced. - - .
The bits coming from the converter 20 are sent,
through wires 27 in a number equal to the number of
resistors of each group 1 of apparatuses, to the treat-
ment device 23 which records into a memory the num-
ber of contact reversings representing the passage In
each apparatus of a known quantum. The treatment
can be locally or remotely done, and FIGS. 7 and 8
show, as an example, the constitution of the treatment
device in these two cases. |
The grouping represented in FIG. S considerably
reduces the number of lines with respect to other
known realizations for remotely reading meters and
various apparatuses. In fact, in this example, for four
wires connected to the switch 11 and five wires con-
nected to the switch 12, there are 4 X 5 = 20 groups of
4 meters, that is 80 meters; for 32 lines with two wires
connected respectively to switches 11 and 12, there
would be 1,024 groups of meters, which, while consid-
ering 4 meters per group, would result in 4,096 meters,
that is the number of meters for an large block of build-
Ings.
FIG. 7 shows a realization of the treatment device 23
in the case of a magnetic tape recorder for a local
recording, and limited to the reading of detecting or
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measuring apparatuses of which the amount of quanta

which have been passing through has a particular
‘meaning, as is the case for energy meters.

The treatment device 23 comprises a memory 1n the
form of a magnetic tape 28 and two heads 29 and 30
respectively for reading and writing. The reading and
writing heads can be under the shape of only one head,
but they have been distinctly represented for an easicr
explanation. The magnetic tape 28 1s rolled up on two
drums 31 and 32 through a winding and unwinding
device 33 controlled by a clock 34 which also controls
the driving device 16 of the switches 11 and 12 of FIG.
5. The unwinding step is performed during a time
smaller than the time T = 10 minutes previously de-
fined, then the device 33 winds up the tape for a new
memorization. |

The tape 28 comprises fives tracks in the case of
groups 1 comprising four resistors Ry, Ry, R, R, and
their associated contacts, plus the fifth resistor Ry ac-
cording to FiGS. 1-4. Four tracks correspond to the
signals coming from the four contacts associated with

50
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the resistors Ry, R;, R,, Ry, and passing through the

converter 20 comprising for that purpose four output
wires 27,, 27,, 27,, 27, and through four adding ele-
ments 35,, 35,, 35,, 35,, the action of which will be
further indicated and which respectively correspond to

. the resistances R,, R;, R,, R;. The fifth track corre-

sponds to the signal coming from the OR gate 25 of
FIG. 5, i.e. to the incident bit through a fifth adding
element 35,.

The different adding elements 35,, 35,, 35, 35; are,
each of them, provided with two inputs a, b, respec-
tively connected to the output of the converter 20 and
to the output of the reading head 29, while the output
¢ of these adding elements is made on the writing head
30. Reference numbers 36 and 37 designate respec-
tively reading and writing amplifiers.

The operation of the device is given hereinbelow
while considering only one detecting apparatus_and in
assuming that scanning of the on or off state of the
contacts of all the detecting apparatus is made — as
above indicated — every time T = 10 minutes.

Besides, it is assumed to have already in memory on
a track of the tape 28, a word having a certain number
of bits representing at the moment £, — 10 minutes, the
number of state changes supported by the detecting
apparatus from the last reading operation. The last bit
of that word, or a separated bit, 1s the bit mentioning
the on or off state that had the contact of the apparatus
at that moment t, — 10 minutes. At the moment ¢,
there is also a state bit coming from converter 20.

It is desired to put in memory, instcad the previously
memorized word, a new word adding or not adding 1,
depending on whether the state of the meter at the
moment ¢, is different or not different from its state at |
the moment 7, — 10 minutes. This new word thus indi-
cates the number of quanta consummated up to the
moment #,. This word is recorded on the tape 28 and
could. in its turn, be incremented by 1 after comparison
of the present state with a new state at the moment /, +
10 minutes. |

Those words are placed on the tape 28 in such a way
that, on the reading step as well as on the writing step,
the chronological sequence will go from the less stgnifi-
cant bit to the more significant bit. Each bit of the
result will be obtained by adding two bits, one for the
word to be added up and one for the state change or for
the carryover. The adding element 35 is thus reduced
to what is called in the technique an half-adder.

If the bits to be added are called A and B, respec-
tively at the moments £, — 10 and ¢,, there is, for exam-
ple, the following truth Table:

A 0101
B 0011

Result of the addition = D 0110

Carrying over for the next
addition = E.

0001

The result of the addition D corresponds to the defi-
nition of the “exclusive OR” operation.

As to the carrying over, it corresponds to the AND
operation and is written E = B.A. The various halt-
adders 35 simply perform the vanous sequences of -
operations.

For that purpose, each half-adder 35 comprises a first
exclusive OR circuit 38 having a first input connected

in ¢ to the corresponding output of the converter 20
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and a second input connected in b to the output of the
reading head 29.

The output ¢ of the half-adder 35 is connected to the

reading head 30 and to the output of a second exclusive

OR circuit 39 having two inputs d and e. The input d of 3

the OR circuit 39 is connected through b to the reading
head 29 and is also connected to one of the two inputs
of the exclusive OR circuit 38. The input ¢ of the OR
exclusive circuit 39 is connected to the common of a
switch or multiplexer 40 with two positions f and g
controlled by a clock H connected to the general clock
34 which controls all the mechanical operations.

One of the studs of the switch 40 is connected as an
output to the exclusive OR circuit 38 through an AND
circuit 41 which receives on one of its two inputs the
incident bit: when there is no incident, this circuit is
passing. The position f of the switch 40 is connected by
a delay circuit 42 to the output 4 of a logical AND
circuit 43 having two inputs respectively connected to
the mnputs d and e of the exclusive OR circuit 39. The
inputs of the AND circuit 43 are thus connected to the
reading head 29 and to the common of the switch 40.

Each half-adder 35 is thus designed to add one unit to
the consumption already memorized if the state trans-
mitted by the converter 20 is at the moment ¢, different
from that existing during the preceeding interrogation
at the moment ¢y — 10 minutes, and in absence of any
Incident bit.

10

i5

20

25

This preceeding state is indicated by the last informa-

tion unit of the word memorized at the moment ¢, — 10
mn. The present state at the moment ¢, arrives from the
converter 20. The comparison of the preceeding infor-
mation element with the present information element is

made In the exclusive OR circuit 38. Through the
switch 40 in position g, the result of this comparison

acts 1n e as the carrying-over of an addition. The next
carrying-over bits are obtained through the AND cir-
cuit 43, the delay circuit 42 which can be a monostable
and whose delay is equal to the time separating the
reading of two successive bits, and through the switch
40 of which the position has changed to position f after
the reading of the first bit or state bit, The result of the
addition appears in ¢ at the output of the second OR
exclusive circuit 39 and is sent through the amplifier 37
and the writing head 30 to the memorization tape 28 on
which has already been written the preceding word.

The following table determines the bits appearing in
all points of the half-adder 35 considered and at every
moment in considering that the word is read by the
reading head 29 and rewritten by the writing head 30
stmilarly if in a there is the same state as the one memo-
rized 10 minutes ago, and increased by 1 if in a there is
the opposite state.

FIRST BIT NEXT BITS
H 0 0 00 H 1 1 1 1
e and g connected e and f connected
b 00 1 1 b 00 1 1
a 1 ¢ | a XX XX
f XX XX f=e O 1 O 1
g=e O 1 10 g XX XX
h=b.c O 0140 h=b.e 0 0 O 1
= carry over = of the next bit
f
C 0 f 01 ¢ 0 11 0
Ifb=a,c=DbH It preceeding carry over = 0,
itb="a,c=b c=b
If precceding carry over = 1,
c=>b

Carry over h for the next bit
= 1 if b =7 and if simultaneously

Carry over h fur the next bit
= ] if present carry over = |
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-continued

FIRST BIT NEXT BITS

b= | and simultancously b = |

with X mcaning any bit without any influcnce on the final result.

When an incident occurs on the line which causes the
appearance of an incident bit at the output of the OR
gate 25 (FIGS. 5 and 7), said incident bit 1s, through an
inverter 44, connected through a to the second input of

the above mentioned AND circuit 41.

The AND circuit 41 is thus an AND gate which re-
celves a 1 when the incident bit does not appear and a
0 when the incident bit appears. Upon appearance of
the incident bit, said 0 blocks the exclusive OR circuits
38 of all the adding elements 35,, 35,, 35,, 35; since a

0 is then indicated at the output of the whole unit com-
posed by the circuits 38 and 41. In this case the four
informations coming from the group of the relevant
apparatuses are then not taken into consideration. The
Incident bit 1s directly transmitted to the writing head
30 through the half-adder 35, and is treated as an infor-
mation coming from said group of detecting appara-
tuses. -

After the reading of all the apparatuses, the clock 34
causes, through the device 33, the winding of the tape
28 and after 10 minutes the clock 34 will cause a new
unwinding of said tape 28.

FI1G. 8 shows the complete diagram circuit of a de-
vice according to the invention with a remote transmis-
sion by telegraphic lines. This device is an electroma-
gentic and electronic arrangement, and it is obvious

that the mechanical elements of FIG. 5§ can be substi-
tuted by their equivalents.

To illustrate the equivalence of the elements between
FIGS. 5 and 8, the elements of FIG. 8, which are equiv-
alent to those of FIG. 5, have been given the same
reference number to which has been added a prime
sign (').

FIG. 8 shows only ohe group 1 of detecting appara-
tuses and its associated isolating diode 10 to prevent
the current to form a loop with the other groups of
apparatuses. The outputs 2 and 3 of the various groups

of apparatuses are grouped:by two terminal-boxes 45

~and 46 to two line switches 11’ and 12' which are con-

nected together to act as switches 11 and 12.

The two switches 117 and 12’ are preferably cabled
on cards respectively called *“quick card” and “slow
card” and they are each equipped with relays corre-
sponding to the contact-studs of the switches 11 and 12
of FIG. 5. It will be later considered that there are 32
relays per switch. As it has been previously explained,
the various detectmg apparatuses are adapted to con-
vey informations in an on/off mode, i.e., by all or noth-
ing and are, for example, meters of gas consumers or
still apparatuses detecting a pressure, a global flow in
mstantaneous value, a current amperage in a distribut-
Ing transformer, alarm detectors (gas leaks, breach of a
local or break open of the box grouping the leading-in
cables of various apparatuses, electrical disjunction,
boosting, too high temperature of a transformer) in
connection with a particular code associated with a
particular grouping of resistances and contacts.

The relays which are used within the switches are
typically of the type known under the name of ‘“‘reed
relays™ but mercury relays can be utilized. They can
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also be substituted by field effect switching transistors
for analogue voltage. |

A particular example is given below while consider-
ing a block of building having five levels with 4 meters
by level and only one column per building. Each buld-
ing 1s connected through a special line of a network 47
at the slow card 12’, while the five levels of each build-
ing are connected to the quick card 11° by five hines of
a network 48. Said example 1s of course not limitative
since cabling can be easily adapted to the architecture
of a block of buildings though it can always be reduced
to a matrix, for example a square matrix of 32 X 32. In
the case of five buildings having five levels each or of
equivalent groupings as five buildings having three
levels and five buildings having two levels, they corre-

spond to a square sub-matric of 5 X 5 in the general
matrix of 32 X 32.

The two cards 11’ and 12’ will be described in a more
complete way with reference to FIG. 11. As in FIG. 3
for the switches 11 and 12, when the relays of the slow
card runs by one step, the relays of the quick card make
a complete cycle of 32 steps. Each such step scans the
apparatuses of one group. The complete scanning of
1024 steps is made in 164 seconds 1n a particular exam-
ple utilizing the reed rclays, through control orders sent
by a time base 34’ acting as the clock 34 of FIG. 5 but
synchronized on the 50 or 60 Hz mains.

The switching cards 11’ and 12’ are connected
through an incident detector 21" and a constant voltage
source 22’ to an amplifier 17’ working as a current-to-
voltage converter in the case where the group 1 resis-
tors are connected in parallel according to FIG. 1. In
this case the current sent by a group of apparatuses and
passing through a particular relay of each of the two
switching cards 11’ and 12’ is converted in a propor-
tional voltage which is decoded through an analog-to-
digital converter 20’ also controlled by the time base
34’ and restituting in the form of logical signals O or 1,
the state of the contacts associated with the resistances
of the group of the detecting apparatuses. These signals
are sent to a processing device generallly represented
by reference number 23’. | |

As it has been noticed with reference to FIG. 5, when
an incident appears on the line, that is between a group
of apparatuses and the converter, the incident detector
21’ sends an incident bit to the output of an appropri-
ate circuit 25’ through a circuit 24’ in case of a cut-off
on the line and through a circuit 26’ in case of an over-
current due to a short-circuit. The incident bit is sent to
the processing device 23’ which represents the device
23 of FIG. 5 in this particular realization.

The processing device 23’ comprises a parity genera-
tor 49 generating the parity bit from the signals coming
from the converter 20 and the incident generator 21°.

The incident bit and the parity bit are sent by two
wires 50 and 50a to a multiplexer S1 which also re-
ceives the logic signals coming from various groups of
detecting apparatuses through the converter 20°. The
multiplexer 51 is synchronized by the clock 34°. The
various informations applied to the multiplexer 51 are
thus timed in the form of an octet for example of a total
duration of 160 milliseconds in the case where the
device is synchronized on a 50 Hz mains.

FIG. 9 shows an octet A BC D E F G H. An octet
“series” has always at the beginning a start bit A of a
logical level | and at the end of the message a stop bit
H of a logical level 0. The other bits B to G have a level
of 0 or | depending on the messages to which they
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correspond. In the present case, the group of the four
bits B to E corresponds, in the absence of incident, to
the state of the four contacts associated to the appar-
tuses of a given group. For example the level O corre-
sponds to an open or off contact, the level | corre-

.- sponding to a closed or on contact. The bit F corre-
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sponds to the presence or to the absence of the incident
bit and the bit G is the parity bit which is equal to 1 if
the bits B to F have an odd number of levels I, and 1s
equal to O if the bits B to F have an even number of
levels 1.

In FIG. 10a is represented an octet corresponding to
the contacts: C, closed, C,; open, C,; and C, closed;
there is no incident and the parity is 1, because three
bits among the bits B to F have a level 1. This 1s what
may be called a normal octet with no particular nci-
dent. )

When the incident bit appears, the four bits B to F
corresponding to thé measuring apparatuses, change
meaning. If the line 18, 19 is open, all of them are at
level O (case of FIG. 10b) and if the line 18, 19 1s short-
circuited, all of them are at level 1 (case of FIG. 10c¢).

. With respect to the parity bit, it is of 1 in the case of an
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incident: of an open line 18, 19 (only one bit B to F at
level 1); and also 1 in case of an incident: short-circuit
(all five bits B to F at level 1).

In FIG. 104, is represented an octet corresponding to
a measuring apparatus equipped with an assembly
equivalent to that of FIG. 3. The octet becomes re-
duced to 1 0 1 O considering only the bits correspond-
ing to the states of the contacts, which corresponds to
I X224+ 0X224+1X214+0X1=10 units.

The 32 X 32, i.e. 1024 octets of a sequence corre-
spond to the complete scanning of 1024 groups of
apparatuses connected to the switches 11’ and 12" and
sent one after one every 10 minutes. Each octet having
a place or address which is well determined and always
the same inthe sequence, can be assigned a particular
meaning, for example some addressed octet can, In
case of incidents, control the release of an alarm or a
print on a terminal teletype 52 the connection of which
with the multiplexer 51 is better shown in the following
disclosure.

- The multiplexer 51 is coupled to a telegraphic line 33
by an emission-reception unit 54-55 connecting said
line, for example, to an electrical supply source of + 48
volts for the logical level O and of —48 volts for the
logical level 1, or to any other voltage according to the
conventional rules to be complied with for the trans-
mission on the telegraphic line 33 considered. Said line
is connected, by a telegraphic interface 56 which can
receive several lines similar to the line 53, to a central
computing unit 57 whose connections are diagrammat-
ically represented by arrow F1. The central computing
unit 57 thus receives the sequence of 1024 octets
through the emission relay 54 while the reception relay

85 receives from the central unit 37 a signal corre-

60
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sponding to a start of the scanning and transmitted to
the clock 34' through a decoding circuit 92 which
recognize the different messages coming from the cen-
tral processing unit transmitted through the telegraphic
line 53 and designed for controlling the base of time
34°.

The computing unit 57 is connected to peripheral
elements such as a mass memory 58 and to teletype 52
comprising a perforated tape reader 52a and with
which said computiting unit holds a dialogue as dia-
egrammatically represented by arrows F2 and F3.
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The computing unit 57 has, for example a memory of
four kilowords on which 1s stored the utilization pro-
gram and which takes over all the computations of the
consumption 1ncrementation from the nformations
taken on the telegraphic interface 56 of a capacity
adaptable to the configuration of the mains.

Program changes can be introduced through the
reader S2a. The tcletype i1s used to present in clear
some 1nformations of local use, and to perform the
control and the survey of the whole device and to con-
trol sound alarms in case of incidents.

In the above disclosure, the switches or cards 11’ and
12’ have not been described in detail. FIG. 11 shows, as
an example, one of these cards, namely the quick card.
The quick card comprises a binary counter 60 receiv-
Ing at its input a synchronization pulse every 160 mlli-
seconds from the base by time 34’ in FIG. 8 and making
the counter 60 to advance of one step, and acting on a
resetting or return-to-zero control RAZ. The four out-
puts 60,, 60,, 60,, 60, of said counter 60 are connected
both to the input of a *“1 among 16 decoder’ 61 and to
an AND gate 62. The decoder 61 comprises 16 outputs

63 cach of them being connected by a transistor 64
supplied under a low voltage + V to two coils of reed
relays 65, and 65, 1n order to constitute 32 switching
possibilities as it 1s ‘explained in the following disclo-
sure. When closed, the contacts 66,, 66, of the relays
65, and 65, connect to the voltage source 22’ to the
terminal-box 45 of FIG. 8, and to a resistor-diode cir-
cuit r,, D,,r», which 1s also connected to temporized
alarm 7 circuit 67 giving a signal for an 1.e., an alarm
circuit that is activated after a time delay during which
a continuous activating signal 1s applied, input voltage
higher than a given threshold. The circuit 67 1s con-

nected to the circuit 21’ detecting the mc1dent and
shown 1n FIG. 8.

The coils 65, and 65, of the reed relays are con-
nected by diodes D2 to the collector-emitter circuit of
transistors 68, 69, supplied under a low voltage —V and
the bases of which are connected through a limiting
circuit 70 to a flip-flop 71 which is also .connected to
the output 60, the slowest output of the binary counter

60. The output 72 of the flip-flop 71 constitutes the

output of the card.

The slow and quick cards 11" and 12’ are generally
similar. The thirty-two relays of the slow card work
thirty-two times less often than the relays of the quick
card, thus at the maximum normal operation duration
of the quick card (5 to 10 years), the cards can be
permuted to double their operating life time.

Along with a quick card described in FIG. 11, a de-
vice has been designed to check to switching and detect
the permanent sticking of a relay contact 66 in super-
position with the switching of other contacts, for exam-
ple the superposed sticking of the contacts 66, and 66,.

The quick card sends the voltage of the source 22’,
i.e. for example -24 volts, to the different lines equiva-
lent to lines 2,3 of FIG. 5. At the output of each contact
66, only two of them (the contacts 66, and 66,) being
represented in FIG. 11, and the input of the alarm
circuit 67, there has been inserted a resistor-diode
circuit such as the circuit r,, D, r, of the FI1G. 11. The
thirty-two resistor-diode circuits form a totalizer and
the resistors r,, r, are computed for the consumption of
a low current and to give in this example an output
voltage of about 2.5 volts not sutficient to switch the
alarm circuit 67. If two relay contacts are simulatane-
ously stuck, the output voltage of the totalizer device

10

15

20

25

30

35

40

45

50

55

60

12

becomes equal to —5 volts activating said circuit after a
given delay, calculated to be a little longer than the
maximum passage time of a relay to the next one In
normal working operation of the relays (bridge time) :
said delay can be of 10 milliseconds.

"The logical voltage of this alarm circuit is thus sent
through the incident detecting circuit 21’ as input to
the multiplexer 51 of FIG. 8 to show an mmdent b1t In
the corresponding octet.

A particularly advantageous arrangement for the
switching of the thirty two relays has also been repre-
sented in FIG. 11. Said advantageous arrangement
comprises the *1 and -16” decoder 61 which controls
simultaneously two relay coils such as 65,, 65, by a
transistor 64 connected to each output of the decoder
61 and to flip-flops every 16 steps the supply feeding
from the first group of 16 relays on a second group of
16 relays through the flip-flop 71 which is controlled by
a pulse generated by means of the binary counter 60.-
The diode system D, associated with each relay coll is
designed to prevent the current to be looped by the
other relays.

At the end of the sw1tchmg of the thlrty-two reed
relays, the output pulse in 72 of the flip-flop 71 1s uti-
lized in two ways : on the quick card particularly shown
in FIG. 11, it 1s'sent as a synchromzation input to the
slow card to make it advance by one step ; on the slow
card it is sent to the blocking-unblocking circuit of the
time base to stop the synchronization at the end of a
cycle. The output pulse of the quick card 1s thus sent to
the input of the binary counter 60 of the slow card
which then does not receive the synchronization pulse
coming from the time base 34’.

The embodiment shown in FIG. 11 1s not restricted to
the particular number of relays shown. Thus, for the
general arrangement described earlier, in which an N
input postition switch and an M output position switch is
used, at least one of these switches can be equipped
with an even number P of relays defining a first and
second group of P/2 relays, with each having an tnput
and an output terminal. The input terminals of the
relays of the first and second, group of P/2 relays are
respectively connected two-by-two to the output termi-
nals of P/2 static relays, whose inputs are connected
respectively as P/2 outputs to a 1 among P/2 decoding
unit.”” The mput of this decodding unit 1s connected to
the output of a binary counter and to the input of a
two-output flip-flop. The output terminals of the first
group of -P/2 relays are connected together to one of
the two outputs of the tlip-flop while the output termi-
nals of the second group of P/2 relays are connected
together to the other output of the two outputs of the
thip-flop, with the output of the flip-flop constituting
the output of the N input or M output position switch
so connected.

The various return to-zero RAZ of the binary
counter 60 of the quick card and of the homologue
counter of the slow card are performed before the
beginning of the scanning as operating safety steps
since the two counters must return by themselves to
zero at the end of the scanning. The return-to-zero is

~ controlled by a special code 1ssued from the decoding

65

circuit 92 and applied on the input RAZ of the binary
counter 60,

In the realization of FIG. 8, 1t has been designed to
muake the switches 117 and 12' to a cychically advance
under the control of the time base 34'. It can be of
interest to make an addressing of the switching cards,
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i.e. to let the switches take a position at any address
given by the computer. In that case, the binary counter
60 is not used and the outputs 60,, 60,, 60,, 60, are
directly controlled by the decoding circuit 92 which
controls also an additional input 62 of the flip-flop 71.
Instead of interrogating the meters by means of a
direct current, it can be of interest to work with an
alternating current. For that purpose, it 1s only neces-
sary — without changing any principle of the invention
— to replace the identification resistances of the de-
tecting apparatuses by impedances, the power source
being then an alternating current source superposed to
a direct current source to prevent an alternation of the
polarity of the resulting source.
We claim: '
1. An electrical apparatus for detecting, transmitting
and storing in a remote central recording device under
digital form the total number of events which have
occurred from a known origin of time in each of a large
set of indicating devices and for converting said digits
in such a way that said number of events may be pro-
cessed comprising: |
individual means controlled by the relevant indicat-
ing device causing the change of statc of an alter-
nating electrical switch associated with an electri-
“cal impedance upon the occurrence of any relevant
event such as the fact that a predeterminate
amount of a physical magnitude has passed through
a given indicating device;

means for electrically grouping several such alternat-
ing electrical switches associated each with an elec-
trical impedance whereby the switches and the
impedances are electrically connected together
and with an additional failure detecting impedance
not associated with any switch in such a manner
that the impedances may be combined and wherein
any individual switched impedance and said failure
detecting impedance and any combination thereof
is different from any other resultant impedance and
combination thereof; |

means for electrically connecting each of a plurality

of such electrical groups of several alternating elec-

trical switches associated each with an electrical
impedance and said failure detecting impedance to
one of M lines of a first lattice on the one hand and
to one of N lines of a second lattice on the other
hand, whereby any one among the M lines of the
first latticc may be connected to any one among
the N lines of the second lattice through only one
of said electrical groups of several alternating elec-
trical switches and said failure detecting imped-
ance. the maximum number of groups of switches
so connected to both lattices being thus M times N;
means for cyclically scanning every group of switches
by serially electrically energizing during short dura-
tions on the one hand each line of the M lines
lattice and, during the energizing of said line, on
the other hand each line of the N lines lattice,
whereby the individual states of said electrically
grouped switches are sensed, said sensing resulting
in an elementary electrical current of short dura-
tion which is an image of said individual states of
switches. and wherein the interval of time between
two consecutive scannings of any group of switches
is shorter than the minimum normal time interval
covering two consecutive changes of state of any
switch of said group; |
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analog-to-digital converter means receiving succes-
‘sively ThHe €lementary electrical currents of short
durations which are each the image of the individ-
ual states of a group of switches and seriaily trans-
mitting said elementary electrical currents and
translating said image into an elementary logical
binary electrical current the highs and lows of
which represent the on and off states of the rele-
vant individual switches;

a first memory means where said on and off states of
the individual switches are stored;

means comparing the last sensed state of each indi-
vidual switch with thc state of the same switch
sensed on the immediately preceding scanning as it
is stored in a second memory means, whereby it the
state of a switch is unchanged the record of the
indication of the dial corresponding to the indicat-
ing device controlling said switch is unchanged,
whereas if the state of a switch 1s altered with refer-
ence to the state of the same switch on the previous
scanning the corresponding record of the indica-
tion of the dial is altered in a manner correspond- -
ing to the manner it would be altered 1if 1t were
directly controlled by the relevant indicating de-
vice: and

means to transfer the recording of the last scanning
as it is in the first memory means to the second
memory means in place of the recording of the
preceding scanning in order that a new comparison
of the consecutive states of each switch at two
successive scannings may be performed after the
next scanning of the switches. |

2. The apparatus as set forth in claim 1, wherein
some groups among said plurality of groups correspond
to only one of said device associated with a plurality of
impedances, the corresponding switches being consti-
tuted by brushes of a logical coding device.

3. The apparatus as set forth in claim I'wherein some
groups among said plurality of groups correspond to
only one device associated with a single step by step
variable impedance, and a switch which is constituted
by a slider switching device.

4. The apparatus as set forth in claim 1, wherein an
additional impedance is connected in each group

‘whereby an open or short in the connection between

said group and the converter means may be detected.

5. The apparatus as set forth in claim 1, wherein each
switch of each group is in series with its associated
impedance to form a switching unit, the units of each
group being arranged themselves in parallel fashion.

6. The apparatus as set forth in claim 1, wherein each
switch of each group is in parallel with its associated
impedance to form a switching unit, the units of each
group being arranged themselves in series.

7. The apparatus as set forth in claim 1, wherein said

means for electrically connecting comprises:

60

an N input position switch, each input contact of
which is respectively connected to one sensing line
of one group in each one of a plurality of assem-
blies of said groups and having only one output
contact connected to said converter means through
one of the wires of the two wire connection;

an M output position switch, each output contact of
which is respectively connected to the other sens-
ing line of all the groups in one assembly and hav-
ing only one input contact connected to said con-
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verter means through the second wire of the two
wire connection;

a device to cyclically drive said N and M switches
whereby when the N input position switch has com-
pleted sweeping the N input positions, the M out-
put position switch will advance only by one step,
and whereby every time the N position switch has
swept all the N posttions, said N and M switches
have been sequentially connected to all the MN

~groups of units, the driving cycle of the M output
position switch being shorter than the minimum
time interval covering two changes of state of the
switches of the groups.

8. The apparatus as set forth in claim 1, wherein said
indicating devices are counters detecting the passage of 1
a given magnitude, the change of state of each switch
occurring after the previous passing of a known quan-
tum of said given magnitude, said comparing means
then adding and storing the state changes of each
counter, whereby the sum of these state changes repre-
sents the total number of quanta counted from a given
origin. .

9. The apparatus as set forth in claim 1, wherein said
comparing means includes a half-adder comprising:

means to connect a first input of the haif-adder to a
memory having stored the information received
during a just preceding scanning of the various
groups of units;

‘means to connect at the time of the new scanning a

second input of the half-adder to the output of said

converter means,;

means to connect the output of the half-adder to said
memory for storing the new information- received
from the units.

10. The apparatus as set forth in claim 1, wherein:

a fault detector is connected between the group
being scanned and said converter means for send-
ing a control signal to said comparing means when
said sensing lines contain signals indicating out-of-
limit conditions of said group being scanned, and
said comparing means includes blocking means
connected to the fault detector to block the nfor-
mation from the group being scanned upon receipt
of said fault detector control signal.

11. The apparatus as set forth in claim 1, wherein

said comparing means COMprises:

' a magnetic tape; means to drive said magnetic tape; a
first head to store on said magnetic tape informa-
tion received during a just preceding scanning of
the various groups;

a second head to store on said magnetic tape infor-

mation received at the time of the new scanning;

and
a number of half-adders equal to the number of

switches of each group, a half-adder being set to

each switch, each half-adder comprising a first
two-input exclusive OR circuit (30) of which one
input (a) is connected to a given output of the
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converter means (20) and the other input (b) Is
connected to the output of the first head, the out-
put of the first OR circuit being connected to one
terminal of a two-way switch (40), the second ter-
minal of which is connected, through a delay cir-
cuit (42) having a delay of a one bit duration, to
the output of a two input AND circuit having one
input connected to the output of the first head and
to one input of a second two-input exclusive OR
circuit (30 of which the second input 1s connected
both to the common point of the two-way switch,
and to the second input of said two mput AND
circuit; - |
means connected to the tape driving means to con-
trol passing said two-way switch from on terminal
to the other terminal between two successive scan-
nings, the output of the second OR circuit being
connected to the second head, whereby 1if between
said two successive scannings there has been no
change in the state of a given switch, the informa-
tion on the memory tape remains without change
while said information is increased by one quantum

-if between said two successive scannings there has

been a change in the state of said switch.
~ 12. The apparatus as set forth in claim 7, wherein the
N input ‘position switch and the M output position
switch are both electromechanical switches, the N
input contacts and the M output contacts of which are
respectively connected through individual relays to a
totalizer circuit, the output of said totalizer circuit

bemg connected to activate_a temporized alarm circuit,

i.e., an alarm circuit that is activated after a time delay
durmg which a continuous activating signal is applied,

with a temporization time, or time delay, which is
slightly longer than the bridge time of two successive
relays thereby detecting sticking thereof.

13. The apparatus as set forth in claim 7, wheremn at .
least one of said N input position switch and M output
position switch is equipped with an even number P of
relays defining a first group of P/2 relays and a second
group of P/2 relays, each of said relays having an input
terminal and an output terminal, the input terminals of
the relays of the first group and of the second group of
P/2 relays being respectively connected two-by-two to
the output.circuits of P/2 static relays, the inputs of
which are connected respectively as P/2 outputstoa ™ |
among P/2 decoding unit”, the input of said decoding
unit being connected to the output of a binary counter
and to the input of a two-output fhip-flop, the output
terminals of the first group of P/2 relays being con-
nected together to one of the two outputs of the flip-
flop while the output terminals of the second group of
P/2 relays are connected together to the other output
of the two outputs of the flip-flop, the output of said
flip-flop constituting the output of said at least one

position switch. ;
* % ¥ * *
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